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time sleepiness, and/or daily naps in athletes and physically active individuals were 
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1  |  INTRODUC TION
Sufficient	 high-	quality	 sleep	 contributes	 to	 a	 range	 of	 physiologi-
cal	outcomes,	such	as	physical	recovery	(Venter,	2014),	restoration	
(Brandt	 et	 al.,	 2016),	 and	 immune	 function	 (Mejri	 et	 al.,	 2014),	 as	
well	as	psychological	functions,	including	mood	(Souissi	et	al.,	2020;	
Watson	&	Brickson,	2018),	memory	(Maquet,	2001),	and	cognitive	



























international	 athletes	 tend	 to	 have	 longer	 and	 more	 exhausting	







month).	During	 this	month,	water	 and	 food	 consumption	 is	 exclu-
sively	 nocturnal.	 The	 large	 quantity	 of	 food	 consumed	 during	 the	
night, coupled with increased nocturnal social activities and prayers 
(e.g.	 Ettrawih),	 could	 affect	 the	 sleep–	wake	 patterns	 of	 Muslims	






duration,	 in	 individuals	engaged	 in	physical	 activity	 (PA)	while	ob-
serving	Ramadan.	Therefore,	assessing	sleep–	wake	patterns	to	iden-




volving	 sedentary	 and	 active	 individuals,	 Faris,	 Jahrami,	 Alhayki,	




who	 continued	 to	 train	 during	 Ramadan	 experienced	 a	 decrease	 in	 sleep	 duration	
(number	of	studies,	K =	17,	number	of	participants,	N =	289,	g =	−0.766,	95%	confi-
dence	interval	[CI]	−1.199	to	−0.333,	p =	0.001).	Additionally,	the	global	score	of	the	
Pittsburgh	Sleep	Quality	Index	increased	from	4.053	(K = 5, N =	65,	95%	CI	3.071–	
5.034)	 pre-	Ramadan,	 to	5.346	 (95%	CI	4.362–	6.333)	 during	Ramadan,	 indicating	 a	
decrease	in	sleep	quality.	The	duration	of	daytime	naps	increased	during	compared	
to	pre-	Ramadan	(K = 2, N = 31, g =	1.020,	95%	CI	0.595–	1.445,	p =	0.000),	whereas	
Epworth	 Sleepiness	 Scale	 scores	 remained	 unchanged	 during	 versus	 pre-	Ramadan	
(K = 3, N = 31, g =	0.190,	95%	CI	−0.139–	0.519,	p =	0.257).	In	conclusion,	individuals	
who	continued	 to	 train	during	Ramadan	experienced	a	decrease	 in	 sleep	duration,	
impairment	of	sleep	quality,	and	increase	in	daytime	nap	duration,	with	no	change	in	
daytime sleepiness levels.
K E Y W O R D S
athlete,	daytime	sleepiness,	nap,	physical	activity,	Ramadan	observance,	sleep–	wake	patterns
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sleep duration decreased by ~1 hr during Ramadan, more so in 
active	 individuals.	 The	 authors	 also	 found	 that	 the	 level	 of	 day-
time	 sleepiness	 increased	 substantially	 during	 Ramadan	 (Faris,	
Jahrami,	 Alhayki,	 et	 al.,	 2019;	 Faris,	 Jahrami,	 Obaideen	 et	 al.,	
2019).	 However,	 the	 possible	 effect	 of	 Ramadan	 observance	 on	
sleep	 quality	 was	 not	 included	 in	 the	 meta-	analysis.	 In	 another	
recent	systematic	review	and	meta-	analysis,	Trabelsi	et	al.	(2020)	
reported	 that	when	 athletes	 (aged	 ≥18	 years)	 continued	 to	 train	
at	least	twice/week	while	observing	Ramadan,	sleep	duration	was	
decreased	 compared	with	 their	 baseline	 levels.	However,	 in	 that	
review,	 the	 duration	 of	 daytime	 naps	 and	 measures	 of	 daytime	
sleepiness were not included, and the analyses were limited to 
adult athletes; indeed, adolescent and physically active individuals 
were not included.
Taken	 together,	 the	 changes	 in	 sleep	 duration	 and	 quality	 en-
gendered	during	this	month	of	fasting	in	adolescent	and	physically	
active individuals, and the associated changes in daytime sleepiness 
and napping behaviours, remain unclear.
To	 expand	 the	 scope	 of	 previous	 reviews	 of	 the	 effects	 of	
Ramadan observance on sleep, the present review sought to answer 
the	question:	Does	Ramadan	observance	influence	sleep	in	athletes	
and physically active individuals?
This	was	achieved	by	(i)	evaluating	the	effects	of	Ramadan	ob-
servance	on	 sleep	duration,	 sleep	quality,	daytime	 sleepiness,	 and	
daily nap duration in athletes and physically active individuals, and 






pothesised that Ramadan observance will decrease sleep duration, 
impair	sleep	quality,	and	increase	daytime	sleepiness	and	daily	naps	
duration in physically active individuals and athletes.
2  |  METHODS
2.1  |  Protocol




2.2  |  Eligibility criteria
Studies	about	physically	active	 individuals	or	athletes	who	contin-
ued to train during Ramadan observance, which had been published 
or	 accepted	 for	 publication	 in	 peer-	reviewed	 journals	 and	written	
in any language, were considered. No restrictions were applied in 
terms	of	study	design,	setting,	country,	or	time	frame.	Descriptive	or	
review	articles,	conference	proceedings,	and	articles	based	on	either	






2.3  |  Information sources and search
Five	electronic	databases,	PubMed,	Web	of	Science,	Scopus,	Wiley,	
and	 Taylor	 and	 Francis	were	 searched,	without	 applying	 any	 time	
limits	or	filters,	using	the	following	terms	(see	Table	1):	“Ramadan”,	
“athletes”,	 “physically	 active”,	 “physical	 activity”,	 “sleep”,	 “daytime	
nap”,	 and	 “daytime	 sleepiness”.	 Appropriate	 Boolean	 connectors	
were	utilised	to	connect	the	various	keywords	and	wild-	card	options	






specialists	 in	 the	 field	were	contacted	 for	 information	on	possible	
upcoming	studies.	Further	information	on	the	search	process	is	pre-
sented	in	Table	1.
2.4  |  Study selection
The	 process	 used	 for	 selecting	 articles	 is	 outlined	 in	 Figure	 1.	
EndNote X8 was used to remove duplicate articles recorded in the 
initial	 search	 results.	 Titles	 and	 abstracts	 of	 all	 unique	 hits	 were	
screened	by	the	first	two	authors	for	eligibility,	and	disagreements	
were	resolved	by	consensus.	The	full	 texts	of	the	selected	studies	
were	 then	 screened	 for	 eligibility,	 and	disagreements	were,	 again,	
resolved	by	consensus.	Reasons	for	excluding	an	article	during	the	
abstract	and	full-	text	screening	were	recorded.
2.5  |  Data collection process
Using	a	pilot-	tested	extraction	form,	the	two	first	authors	indepen-
dently collected data and resolved disagreements by consensus. 




In cases where the outcome measure data were only presented 
graphically,	data	were	extracted	using	WebPlot-	Digitizer	(Hofmann	
et	al.,	2012).
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2.6  |  Quality assessment
The	methodological	quality	of	each	study	was	assessed	by	the	two	
first	 authors,	 independently,	 using	 the	 formal	 quantitative	 assess-
ment	 tool	 “QualSyst”	 (Kmet	et	al.,	2004);	any	disagreements	were	





lost points was calculated. For each article, a summary score was cal-




2.7  |  Estimating fasting time length and season
For	each	study,	 the	duration	of	 the	daily	 fast	and	 the	season	 (cal-
endar	month)	 in	which	Ramadan	occurred	were	 determined	 using	
a	 time	 and	 date	website	 (https://www.timea	nddate.com/holid	ays/
us/ramad	an-	begins)	 as	 previously	 explained	 by	 Faris	 et	 al.	 (2020).	
Briefly,	 (i)	 the	 duration	 of	 the	 daily	 fast	 during	 Ramadan	 month	
was	calculated	using	the	sunrise	and	sunset	times	reported	for	that	
month	 for	 the	 city/country	 of	 each	 included	 study	 (https://www.
timea	nddate.com/sun/@8469718),	 and	 (ii)	 the	 reported	 seasons	
(i.e.	spring,	summer,	autumn	or	winter)	begin	on	the	first	day	of	the	





2.8  |  Meta- analysis
Initially,	 a	 random-	effects	 model,	 according	 to	 the	 DerSimonian–	
Laird	method	 (DerSimonian	&	Laird,	1986),	was	used	 to	pool	data	
in	order	to	compute	an	estimate	of	the	pooled	sleep	duration,	daily	
nap	duration,	Pittsburgh	Sleep	Quality	 Index	 (PSQI),	 and	Epworth	
Sleepiness	 Scale	 (ESS)	 scores	 before	 and	 during	 Ramadan.	 The	
mean	sleep	duration,	daily	nap	duration,	PSQI,	and	ESS	scores	and	
their	corresponding	95%	confidence	interval	(CI)	before	and	during	
Ramadan	 were	 reported.	 The	 ESS	 scores	 were	 interpreted	 based	
on	 the	 reference	 ranges	 adopted	 for	 the	 ESS	 (Johns,	 2019):	 0–	5	




TA B L E  1 A	summary	of	the	search	strategy	adopted	in	the	present	systematic	review	and	meta-	analysis	assessing	the	effects	of	Ramadan	
fasting	on	sleep	characteristics	in	individuals	engaged	in	physical	activity

























Hand-	searched	target	journals Science and Medicine in Football, British Journal of Sports Medicine, Biological Rhythm Research, Asian Journal of 
Sports Medicine, European Journal of Applied Physiology, Journal of Sports Sciences, Journal of Sports Science 
and Medicine, PLOS One, Applied Physiology, Nutrition, and Metabolism, Biology of Sport, Chronobiology 
International, Physiology and Behavior, Sports.




Additionally,	 a	 series	 of	 one-	group	meta-	analyses	 (pre–	post)	
were	 performed	 using	 before-	Ramadan	 and	 during-	Ramadan	
means	 and	 standard	 deviations	 (SDs),	 sample	 size,	 and	 pre–	post	
correlation	 values.	 For	 studies	 that	 did	not	 report	 pre–	post	 cor-
relations,	available	pre–	post	correlation	values	were	imputed	from	
previous	 studies	 examining	 similar	 outcomes.	 Specifically,	 for	
studies	examining	sleep	duration,	the	average	correlation	value	of	
0.512	from	five	studies	(Boukhris,	Hsouna,	et	al.,	2019;	Boukhris,	
Trabelsi,	 et	 al.,	 2019;	 Hsouna	 et	 al.,	 2019,	 Hsouna,	 Boukhris,	
Trabelsi,	 Abdessalem,	 Ammar,	 Irandoust,	 et	 al.,	 2020;	 Hsouna,	
Boukhris,	 Trabelsi,	 Abdessalem,	 Ammar,	Glenn	 et	 al.,	 2020)	was	
used.	An	average	value	of	0.512	 from	 four	 studies	was	used	 for	
PSQI	 scores	 (Boukhris,	 Hsouna,	 et	 al.,	 2019;	 Boukhris,	 Trabelsi,	
et	 al.,	 2019;	 Hsouna	 et	 al.,	 2019;	 Hsouna,	 Boukhris,	 Trabelsi,	
Abdessalem,	 Ammar,	 Irandoust,	 et	 al.,	 2020;	 Hsouna,	 Boukhris,	
Trabelsi,	 Abdessalem,	 Ammar,	 Glenn	 et	 al.,	 2020).	 Given	 that	
pre–	post	correlations	were	not	available	 in	all	articles	examining	
the	effects	of	Ramadan	 fasting	on	ESS	 scores	and	daily	nap	du-
ration,	we	 followed	 the	 recommendations	 of	Higgins	 and	Green	




F I G U R E  1 Preferred	Reporting	Items	for	Systematic	Reviews	and	Meta-	Analyses	(PRISMA)	flow	diagram
Records idenfied through database searching (n = 182)
PubMed (n = 70), Web of science (n = 63), Scopus (n = 























Records excluded (n = 90)
- Not relevant (n = 40)
- Review arcles (n = 26)
- Sedentary individuals 
(n = 24)
Full-text arcles assessed 
for eligibility
(n = 20)
Studies included in the 
systemac review and 
meta-analysis
(n = 18)
Records excluded (n = 2)
- Baseline data recorded 
aer Ramadan (n = 1)
- Sleep paerns 
controlled by the 
invesgators (n = 1)





Two	 statistics,	Q	 (Morris,	 2008)	 and	 I2	 (Higgins	 et	 al.,	 2003),	
were	utilised	 to	assess	statistical	heterogeneity.	Substantial	het-
erogeneity	 was	 considered	 for	 I2	 values	 of	>50% and indicated 
that	a	random-	effect	model	was	preferred	to	a	fixed-	effect	model	
(Higgins	 et	 al.,	 2003).	 To	 identify	 potential	 sources	 of	 variance	
and	 of	 heterogeneity,	 moderator	 analysis	 was	 performed	 using	
subgroup	 analysis	 for	 categorical	 variables	 (i.e.	 level	 of	 training,	
continent).	 Additionally,	 meta-	regression	 for	 integer	 or	 decimal	
variables	 (i.e.	 year	of	experimental	protocol,	 fasting	 time	 length,	
age	 mean	 sample	 age,	 sample	 size,	 number	 of	 training	 session/
week,	duration	of	sleep	assessment,	study	quality	score)	and	for	
categorical	 variables	 (i.e.	 activity,	 method	 of	 sleep	 duration	 as-
sessment)	was	also	performed.
Funnel	plots’	potential	asymmetries,	the	Begg	and	Mazumdar’s	




The	 stability	 of	 the	 pooled	 ES	 of	 each	 study	was	 assessed	 by	




A	 significance	 level	 of	 p <	 0.05	 was	 adopted,	 a	 priori,	 for	
all	 analyses.	 Meta-	analysis	 was	 conducted	 with	 commercial	
Comprehensive	 Meta-	Analysis	 software	 (CMA	 version	 3.0,	
Biostat).
3  |  RESULTS


































by results Rating, %
Study 
quality
Karli	et	al.	(2007) 1 1 1 1 NA NA NA 1 1 1 2 1 2 2 45.5 Weak
Zerguini	et	al.	(2007) 2 1 2 1 NA NA NA 1 2 2 2 1 2 2 81.8 Strong
Leiper	et	al.	(2008) 2 2 2 2 NA NA NA 1 2 2 2 1 2 2 90.9 Strong
Meckel	et	al.	(2008) 2 1 2 2 NA NA NA 2 2 2 2 1 2 2 90.9 Strong
Chennaoui	et	al.	(2009) 2 1 1 1 NA NA NA 1 1 1 2 1 2 2 68.2 Moderate
Aziz	et	al.	(2010) 2 2 1 1 NA NA NA 1 1 2 2 1 2 2 77.3 Strong
Tian	et	al.	(2011) 1 1 1 1 NA NA NA 1 1 0 2 1 2 2 54.5 Weak
Aziz	et	al.	(2012) 2 2 1 1 NA NA NA 2 1 2 2 1 2 2 81.8 Strong
Herrera	(2012) 2 2 1 1 NA NA NA 2 2 2 2 2 2 2 95.5 Strong
Bouhlel	et	el.	(2014) 2 0 1 1 NA NA NA 0 1 1 2 1 2 2 59.09 Moderate
Chamari	et	al.	(2016) 2 1 2 2 NA NA NA 2 1 2 2 1 2 2 86.4 Strong
Aziz	et	al.	(2017) 2 1 2 2 NA NA NA 1 1 2 2 2 2 2 86.4 Strong
Aziz	et	al.	(2018) 2 1 2 2 NA NA NA 1 1 2 2 2 2 2 86.4 Strong
Boukhris,	Hsouna,	et	al.	
(2019)
2 1 2 2 NA NA NA 1 1 2 2 2 2 2 86.4 Strong
Boukhris,	Trabelsi,	et	al.	
(2019)
2 1 2 2 NA NA NA 1 1 2 2 2 2 2 86.4 Strong








2 1 2 2 NA NA NA 1 1 2 2 2 2 2 86.4 Strong
%	of	lost	points 5.6 41.7 19.4 22.2 –	 –	 –	 41.7 38.9 1.4 0.0 27.8 0.0 0.0
NA,	not	applicable.
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published	papers	were	screened	by	titles	and	abstracts	for	eligibil-
ity,	of	which	20	published	studies	met	the	inclusion	criteria.	After	
a	 careful	 review	 of	 the	 20	 full	 texts,	 18	 articles	 were	 included	
(Figure	1).








ranging	 from	15	 to	 27	 years.	 The	 study	 population	 included	 non-	




Boukhris,	 Trabelsi,	 Abdessalem,	 Ammar,	 Irandoust,	 et	 al.,	 2020;	
Hsouna,	Boukhris,	Trabelsi,	Abdessalem,	Ammar,	Glenn	et	al.,	2020;	
Meckel	et	al.,	2008),	 and	highly	 trained	participants	 in	eight	 stud-
ies	(Aziz	et	al.,	2012;	Chamari	et	al.,	2016;	Chennaoui	et	al.,	2009;	
Herrera,	2012;	Karli	et	al.,	2007;	Leiper	et	al.,	2008;	Tian	et	al.,	2011;	
Zerguini	 et	 al.,	 2007).	 Three	 studies	 included	 adolescent	 athletes	
(Bouhlel	 et	 al.,	 2014;	 Leiper	 et	 al.,	 2008;	Meckel	 et	 al.,	 2008).	 All	
studies	included	healthy	Muslim	men	who	were	engaged	in	PA	and	
fasted	during	Ramadan.
3.3  |  Quality assessment of studies selected for 





defined	 and	 robust	 to	 bias	 (41.7%),	 and	 (iii)	 an	 inadequate	 sample	
size	(38.9%)	(Table	2).






























by results Rating, %
Study 
quality
Karli	et	al.	(2007) 1 1 1 1 NA NA NA 1 1 1 2 1 2 2 45.5 Weak
Zerguini	et	al.	(2007) 2 1 2 1 NA NA NA 1 2 2 2 1 2 2 81.8 Strong
Leiper	et	al.	(2008) 2 2 2 2 NA NA NA 1 2 2 2 1 2 2 90.9 Strong
Meckel	et	al.	(2008) 2 1 2 2 NA NA NA 2 2 2 2 1 2 2 90.9 Strong
Chennaoui	et	al.	(2009) 2 1 1 1 NA NA NA 1 1 1 2 1 2 2 68.2 Moderate
Aziz	et	al.	(2010) 2 2 1 1 NA NA NA 1 1 2 2 1 2 2 77.3 Strong
Tian	et	al.	(2011) 1 1 1 1 NA NA NA 1 1 0 2 1 2 2 54.5 Weak
Aziz	et	al.	(2012) 2 2 1 1 NA NA NA 2 1 2 2 1 2 2 81.8 Strong
Herrera	(2012) 2 2 1 1 NA NA NA 2 2 2 2 2 2 2 95.5 Strong
Bouhlel	et	el.	(2014) 2 0 1 1 NA NA NA 0 1 1 2 1 2 2 59.09 Moderate
Chamari	et	al.	(2016) 2 1 2 2 NA NA NA 2 1 2 2 1 2 2 86.4 Strong
Aziz	et	al.	(2017) 2 1 2 2 NA NA NA 1 1 2 2 2 2 2 86.4 Strong
Aziz	et	al.	(2018) 2 1 2 2 NA NA NA 1 1 2 2 2 2 2 86.4 Strong
Boukhris,	Hsouna,	et	al.	
(2019)
2 1 2 2 NA NA NA 1 1 2 2 2 2 2 86.4 Strong
Boukhris,	Trabelsi,	et	al.	
(2019)
2 1 2 2 NA NA NA 1 1 2 2 2 2 2 86.4 Strong








2 1 2 2 NA NA NA 1 1 2 2 2 2 2 86.4 Strong
%	of	lost	points 5.6 41.7 19.4 22.2 –	 –	 –	 41.7 38.9 1.4 0.0 27.8 0.0 0.0
NA,	not	applicable.
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years Activity Level of practice Training programme
Sleep 
parameters
Method of sleep 
measurement Measurement period Effect description
Karli	et	al.	(2007) 12.8 Autumn/2006 Ankara
Turkey
Asia
10 Observational 22 ± 1 Power	athletes	(2	
wrestlers, 7 
sprinters and 1 
thrower)

























































8 Observational 25 ± 1 Middle-	distance	
running






Aziz	et	al.	(2010) 13.5 NM NM
Singapore
Asia











KSS On the testing day during the 
control and Ramadan periods
No change
Tian	et	al.	(2011) 13.4 Autumn/2009 Changi
Singapore
Asia
18 Observational 21 ± 3 Martial art 
(Penacksilat)
Elite 8.9	±	2.8	hr/week Sleep	duration NM NM Decreased 102 min
Daily naps NM NM Increased 162 min
Aziz	et	al.	(2012) 13.7 NM NM
Singapore
Asia









Herrera	(2012) 14.1 Autumn/2010 Doha
Qatar
Asia




Sleep	efficiency PSQI No change












10 Observational 18.5 ± 
0.5
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years Activity Level of practice Training programme
Sleep 
parameters
Method of sleep 






11 Observational 21.6 ± 
4.8
Cycling Professional:7	
seniors and 4 
juniors






while deep and REM sleep stages 






Aziz	et	al.	(2017) 15.4 NM NM
Singapore
Asia






Sleep	duration Actigraphy 24 hr No change
Aziz	et	al.	(2018) 13.5 Summer/2014 NM
Singapore
Asia
13 Observational 20.1 ± 
0.9







During Ramadan, training was 


































































































































TA B L E  3 (Continued)














years Activity Level of practice Training programme
Sleep 
parameters
Method of sleep 
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3.5  |  Effect of Ramadan on sleep duration
A	 total	 of	17	 studies	measured	 sleep	duration	 in	physically	 active	
men	before	and	during	Ramadan.	These	studies	are	summarised	in	
Table	3.
The	 meta-	analytic	 pooling	 of	 sleep	 duration	 before	 Ramadan	
showed	 that	 the	 participants	 accrued	 7.901	 hr	 per	 night	 (95%	 CI	
7.452–	8.349)	with	significant	heterogeneity	(Q =	459.394,	df = 16, 








6.5582–	7.607),	with	significant	heterogeneity	(Q = 486.431, df = 16, 
p = 0.000; I2 =	96.711%).	Detailed	results	are	presented	in	the	Forest	
plot	in	Figure	S2.	Sleep	duration	for	highly	trained	participants	was	
7.132	 hr	 (95%	 CI	 6.171–	7.044)	 and	 sleep	 duration	 for	moderately	
trained	men	was	7.021	hr	(95%	CI	6.175–	7.871).
Meta-	analysis	was	carried	out	using	data	 from	17	studies,	 and	
the	 pooled	 results	 demonstrated	 a	 significant	 medium-	to-	large	
negative	effect	(ES	=	−0.766,	SE =	0.221,	95%	CI	−1.199	to	−0.333,	
Z-	value	=	−3.466,	p =	0.001;	Figure	2)	of	Ramadan	observance	on	
sleep	duration.	A	significant	heterogeneity	 (Q =	168.292,	df = 16, 
p = 0.000; I2 =	90.493%)	was	detected;	therefore,	a	subgroup	analy-
sis	and	meta-	regression	analysis	were	performed.
Nine	 studies	 included	 moderately	 trained	 individuals	 (Aziz	
et	al.,	2010;	Aziz	et	al.,	2017;	Aziz	et	al.,	2018;	Boukhris,	Hsouna,	
et	 al.,	 2019;	 Boukhris,	 Trabelsi,	 et	 al.,	 2019;	 Hsouna	 et	 al.,	 2019;	
Hsouna,	 Boukhris,	 Trabelsi,	 Abdessalem,	 Ammar,	 Irandoust,	 et	 al.,	
2020;	Hsouna,	Boukhris,	Trabelsi,	Abdessalem,	Ammar,	Glenn	et	al.,	
2020;	 Meckel	 et	 al.,	 2008)	 and	 eight	 studies	 highly	 trained	 par-
ticipants	 (Aziz	 et	 al.,	 2010,	 2017,	 2018;	 Boukhris,	 Hsouna,	 et	 al.,	
2019;	Boukhris,	Trabelsi,	et	al.,	2019;	Hsouna	et	al.,	2019;	Hsouna,	
















that	Ramadan	observance	 had	 a	more	 significant	 impact	 on	 sleep	
F I G U R E  2 Forest	plot	for	Hedges’	g value on sleep duration in physically active individuals and athletes
Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper 
g error Variance limit limit Z-Value p-Value
Zerguini, 2007 -0.014 0.140 0.020 -0.289 0.261 -0.099 0.921
Karli, 2007 0.762 0.332 0.110 0.112 1.412 2.299 0.022
Leiper, 2008 -4.165 0.418 0.174 -4.983 -3.347 -9.975 0.000
Meckel, 2008 0.000 0.217 0.047 -0.425 0.425 0.000 1.000
Chennaoui, 2009 -2.087 0.602 0.362 -3.266 -0.908 -3.468 0.001
Aziz, 2010 -1.829 0.495 0.245 -2.798 -0.859 -3.696 0.000
Tian, 2011 -0.927 0.270 0.073 -1.455 -0.398 -3.436 0.001
Bouhlel, 2014 -0.335 0.295 0.087 -0.913 0.244 -1.134 0.257
Herrera, 2012 -0.808 0.352 0.124 -1.498 -0.118 -2.296 0.022
Chamari, 2016 -0.608 0.303 0.092 -1.203 -0.014 -2.006 0.045
Aziz, 2017 -0.116 0.249 0.062 -0.605 0.373 -0.465 0.642
Aziz, 2018 -0.390 0.267 0.072 -0.914 0.134 -1.458 0.145
Boukhris, 2019b 0.227 0.309 0.096 -0.380 0.834 0.733 0.463
Boukhris, 2019c -1.092 0.432 0.186 -1.938 -0.246 -2.530 0.011
Hsouna, 2019 0.211 0.207 0.043 -0.195 0.617 1.020 0.308
Hsouna, 2020a -0.596 0.217 0.047 -1.020 -0.171 -2.751 0.006
Hsouna, 2020b -2.442 0.414 0.171 -3.253 -1.631 -5.901 0.000
-0.766 0.221 0.049 -1.199 -0.333 -3.466 0.001
-8.00 -4.00 0.00 4.00 8.00







p =	 0.335),	mean	 sample	 age	 (coefficient	 −0.017,	SE =	 0.082,	 95%	
CI	−0.177	to	0.143,	z =	−0.21,	p =	0.834),	type	of	activity	(Q =	2.79,	
df = 4, p =	0.593),	fasting	time	length	(coefficient	0.173,	SE = 0.180, 
95%	CI	−0.181	to	0.526,	z =	−0.96,	p =	0.338),	method	of	sleep	dura-
tion	assessment	(Q =	0.93,	df = 3, p =	0.817),	number	of	training	ses-
sion/week	(coefficient	−0.001,	SE =	0.204,	95%	CI	−0.401	to	0.400,	
z =	 −0.00,	p =	 0.998),	 or	 duration	of	 sleep	 assessment	 (coefficient	
−0.012,	SE =	0.021,	95%	CI	−0.052	to	0.031,	z =	−0.49,	p =	0.621),	
sample	size	of	study	(coefficient	−0.034,	SE =	0.019,	95%	CI	−0.071	






without continuity correction =	−0.485,	z =	2.719,	p = 0.003; tau 
with continuity correction =	−0.478,	z = 2.677, p =	0.004)	and	of	
the	Egger’s	 linear	 regression	 test	 (intercept	=	−5.694,	SE = 1.838, 
95%	CI	−9.612	 to	−1.776,	 t =	3.098,	df = 15, p =	0.003)	provided	








Abdessalem,	 Ammar,	 Irandoust,	 et	 al.,	 2020;	 Hsouna,	 Boukhris,	




with	 significant	 heterogeneity	 (Q =	 129.958,	 df = 5, p = 0.000; 
I2 =	96.153%).	Detailed	Forest	plot	results	are	presented	in	Figure	
S15.
The	 PSQI	 scores	 increased	 during	 Ramadan	 to	 5.346	 (95%	 CI	
4.362–	6.331,	Q =	108.906,	df	= 5, p = 0.000; I2 =	95.409%)	(Figure	
S16).
The	 summarised	 effects	 of	 six	 ESs	 demonstrated	 a	 non-	
significant	 large	 positive	 effect	 (ES	= 1.038, SE =	 0.663,	 95%	 CI	
−0.262	to	2.337,	Z-	value	= 1.565, p =	0.118;	Figure	4)	of	Ramadan	
observance	on	PSQI	scores.	A	significant	heterogeneity	(Q =	94.047,	
df = 5, p = 0.000; I2 =	83.994%)	was	computed.
A	Funnel	plot	(Figure	S17)	showed	evidence	of	publication	bias,	
a	 conclusion	 confirmed	 by	 the	 Egger’s	 linear	 regression	 test	 (in-
tercept = 6.856, SE =	2.876,	95%	CI	−1.130	to	14.842,	 t = 2.384, 
df = 4, p =	 0.038).	However,	 the	Begg	 and	Mazumdar’s	 rank	 cor-
relation	 test	 (Kendall’s	 S	 statistic	P−Q = 7; tau without continuity 
correction = 0.467, z = 1.315, p =	0.094;	tau	with	continuity	correc-
tion = 0.400, z = 1.127, p =	0.130)	did	not	provide	evidence	of	pub-
lication	 bias.	 The	Duval	 and	 Tweedie’s	 trim-	and-	fill	 test	 identified	
one	missing	study	(Hsouna,	Boukhris,	Trabelsi,	Abdessalem,	Ammar,	
Irandoust,	 et	 al.,	 2020),	 resulting	 in	 a	 “true	 ES”	 of	 0.508	 (95%	CI	
−0.777	to	1.793,	Q =	94.371).




Ramadan	 showed	 that	 participants	 napped	 12.9	min/day	 (95%	 CI	
6.54–	19.2),	without	a	significant	heterogeneity	 (Q = 1.216, df = 1, 
F I G U R E  3 Funnel	plot	of	sleep	
duration	for	physically	active	individuals	
and athletes during Ramadan observance, 
showing	evidence	of	publication	bias















Funnel Plot of Standard Error by Hedges's g
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p = 0.270; I2 =	17.745%).	Detailed	Forest	plot	results	are	presented	
in	Figure	S18.
Daily	nap	duration	increased	during	Ramadan	to	141.6	min	(95%	
CI	63.66–	219.6),	with	significant	heterogeneity	 (Q = 3.184, df = 1, 
p = 0.074; I2 =	68.598%).	Detailed	results	are	presented	in	the	Forest	
plot	in	Figure	S19.
The	summarised	effects	of	two	ESs	demonstrated	a	significant	
large	positive	effect	(ES	= 1.020, SE =	0.217,	95%	CI	0.595–	1.445,	Z-	
value = 4.705, p =	0.000;	Figure	5)	of	Ramadan	observance	on	daily	
nap	 duration.	A	 non-	significant	 heterogeneity	 (Q = 1.738, df = 1, 
p = 0.187; I2 =	42.475%)	was	computed.




The	meta-	analytic	 pooling	 of	 the	 ESS	 scores	 before	 Ramadan	
revealed	an	average	of	7.447	(95%	CI	5.338–	9.555),	with	significant	
heterogeneity	(Q =	4.995,	df = 2, p = 0.082; I2 =	59.963%).	Detailed	
results	are	presented	in	the	Forest	plot	in	Figure	S20.
The	ESS	scores	increased	during	Ramadan	to	8.468	(95%	CI	5.452–	
11.484, Q = 11.830, df = 2, p = 0.003; I2 =	83.064%)	(Figure	S21).
The	 summarised	 effects	 of	 three	 ESs	 demonstrated	 a	 small	
but	non-	significant	positive	effect	(ES	=	0.190,	SE =	0.168,	95%	CI	
−0.139	to	0.519,	Z-	value	= 1.133, p =	0.257;	Figure	6)	of	Ramadan	
observance	on	ESS	scores	 in	 individuals	engaged	 in	PA,	without	a	
significant	heterogeneity	(Q =	0.919,	df = 2, p = 0.257; I2 =	0.000%).
A	visual	 inspection	of	 the	Funnel	 plot	 (Figure	S22)	 showed	no	
evidence	of	 publication	bias,	 a	 conclusion	 confirmed	by	Begg	 and	
Mazumdar’s	rank	correlation	test	(Kendall’s	S	statistic	P−Q = 3.00; 
tau without continuity correction = 1.00, z = 1.567, p =	0.059;	tau	
with continuity correction = 0.667, z = 1.044, p =	 0.148)	 and	 by	
Egger’s	 linear	 regression	 test	 (intercept	= 6.382, SE =	 0.019,	 95%	






F I G U R E  4 Forest	plot	for	Hedges’	g	value	on	Pittsburgh	Sleep	Quality	Index	(PSQI)	scores	in	physically	active	individuals	and	athletes.	“>”	
denotes a value >8
Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper 
g error Variance limit limit Z-Value p-Value
Herrera, 2012 0.151 0.294 0.086 -0.426 0.727 0.512 0.609
Boukhris, 2019b -0.744 0.277 0.076 -1.286 -0.202 -2.690 0.007
Boukhris, 2019c 1.299 0.346 0.120 0.620 1.977 3.752 0.000
Hsouna, 2019 -1.502 0.297 0.088 -2.085 -0.920 -5.053 0.000
Hsouna, 2020a 5.470 1.356 1.838 2.813 8.127 4.034 0.000
Hsouna, 2020b 4.243 0.917 0.841 2.446 6.040 4.628 0.000
1.038 0.663 0.440 -0.262 2.337 1.565 0.118
-8.00 -4.00 0.00 4.00 8.00
F I G U R E  5 Forest	plot	for	Hedges’	g value on daily naps duration in athletes
Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper 
g error Variance limit limit Z-Value p-Value
Tian, 2011 1.335 0.317 0.100 0.715 1.956 4.218 0.000
Aziz, 2018 0.742 0.298 0.089 0.159 1.325 2.493 0.013
1.029 0.297 0.088 0.448 1.610 3.469 0.001
-2.00 -1.00 0.00 1.00 2.00





daily nap duration in athletes and physically active individuals, and to 
examine	possible	moderating	variables	of	this	relationship.
The	results	of	the	17	studies	that	were	reviewed	support	the	con-
clusion that training during Ramadan is associated with a decreased 
sleep	duration	 in	athletes	and	physically	active	men.	Sleep	quality,	
which	was	measured	by	the	global	score	of	PSQI	and	reported	in	six	
studies, was impaired during Ramadan. Daytime sleepiness, which 
was	measured	using	the	ESS	in	three	studies,	remained	unchanged	
from	before	 to	during	Ramadan.	Self-	estimated	daily	nap	duration	
was evaluated in only two studies and appeared to be increased in 
athletes observing Ramadan.
4.1  |  Effect of Ramadan observance on 
sleep duration
In	 accordance	with	 previous	meta-	analyses	 conducted	 on	 studies	
of	 athletes	 (Trabelsi	 et	 al.,	 2020)	 and	 a	 sample	 composed	 of	 sed-
entary	individuals	and	athletes	(Faris,	Jahrami,	Alhayki,	et	al.,	2019;	




tion data showed that sleep duration decreased <1	hr,	from	7.901	hr	
before	 Ramadan,	 to	 7.082	 hr	 during	 Ramadan.	 The	 pooled	 sleep	






mone	 secretion	 (Almeneessier	 &	 BaHammam,	 2018).	 Additionally,	
eating	 close	 to	 bedtime	 is	 known	 to	 reduce	 sleep	 duration	 (Roky	
et	 al.,	 2001).	 Furthermore,	 sleeping	 with	 a	 full	 stomach	 during	
Ramadan could have increased core body temperature and conse-





The	 reduced	 sleep	 duration	 may	 also	 be	 explained	 by	 the	 in-
crease	 of	 the	 night-	time	 social	 activities	 (Faris,	 Jahrami,	 Alhayki,	
et	al.,	2019;	Faris,	Jahrami,	Obaideen	et	al.,	2019),	such	as	watching	
Ramadan	television	programmes,	shopping,	meetings	in	the	coffee	
shops,	and	religious	activities	(e.g.	Quran reading group, Quran rec-




A	subgroup	analysis	of	 level	of	 training	revealed	differences	 in	
sleep duration and showed that Ramadan observance appeared to 
have a greater impact on sleep duration in highly trained participants 
(g =	−0.950),	 than	 in	moderately	trained	participants	 (g =	−0.617).	




highly trained participants continue to compete during the month 
of	Ramadan,	 and	anxiety	or	 thoughts	 about	 the	 competition	have	
been	shown	to	decrease	sleep	duration	the	night	before	competition	
(Erlacher	et	al.,	2011;	Juliff	et	al.,	2015).	Nevertheless,	 this	 is	only	










F I G U R E  6 Forest	plot	for	Hedges’	g	value	on	Epworth	Sleepiness	Scale	(ESS)	scores	in	athletes
Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper 
g error Variance limit limit Z-Value p-Value
Aziz, 2012 0.327 0.311 0.097 -0.282 0.936 1.052 0.293
Herrera, 2012 0.325 0.311 0.097 -0.284 0.934 1.047 0.295
Aziz, 2018 0.000 0.260 0.067 -0.509 0.509 0.000 1.000
0.190 0.168 0.028 -0.139 0.519 1.133 0.257
-2.00 -1.00 0.00 1.00 2.00
16 of 21  |     TRABELSI ET AL.
In	 the	 studies	 that	 were	 included	 in	 the	 evaluation	 of	 the	 ef-
fects	of	Ramadan	observance	on	 sleep	duration	 in	 individuals	 en-
gaged	 in	 PA,	 there	was	 a	 high	 heterogeneity	 between	 the	 results	
(I2 =	90.493%).
As	 the	 lunar	 calendar	 is	 shorter	 than	 the	 solar	 year,	 Ramadan	





(MetS)	 components	 (i.e.	 waist	 circumference,	 systolic	 blood	 pres-
sure,	 fasting	plasma/serum	glucose,	 triglycerides,	and	high-	density	




fasting	 duration	 can	 also	moderate	 sleep	 duration.	 Indeed,	 a	 sub-
group	analysis	of	Ramadan’s	season	revealed	differences	in	sleep	du-
rations and showed that Ramadan observance induce shorter sleep 
duration	during	the	autumn	(g =	−1.14)	compared	to	the	summer	one	
(g =	−0.64).	These	results	could	be	explained	by	the	trainability	level	
of	 the	 recruited	 participants,	 as	 ~87%	 (78/89)	 of	 the	 participants	
during the summer season were moderately trained participants, 
while	those	recruited	during	the	autumn	season	(147	athletes)	were	
highly	 trained	 participants	 suggested	 to	 have	 more	 sport-	specific	





























(Boukhris,	 Hsouna,	 et	 al.,	 2019;	 Boukhris,	 Trabelsi,	 et	 al.,	 2019;	
Hsouna	et	al.,	2019;	Hsouna,	Boukhris,	Trabelsi,	Abdessalem,	Ammar,	
































during Ramadan are needed.
In	addition,	at	the	end	of	the	nocturnal	training	sessions	that	
occurred during Ramadan, some athletes and/or physically active 
individuals	may	 increase	 their	water	 intake	 to	 replace	 fluid	 lost,	
perhaps	because	of	the	instructions	of	the	coach	or	medical	staff.	
However,	 the	 absence	 of	 strict	 monitoring	 of	 hydration	 status	
during	Ramadan	observance	could	provoke	a	state	of	hypohydra-
tion	 or	 overhydration	 in	 individuals	 engaged	 in	 PA.	 To	maintain	




sis	will	ensue,	and	 the	excess	water	will	 soon	be	expelled	 in	 the	
urine	(Maughan	&	Shirreffs,	2012).	In	this	case,	void	frequency	will	
likely	increase	during	night-	time	and	subjects	will	sometimes	have	
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4.3  |  Effect of Ramadan observance on 
daytime naps
It	 is	well	documented	that	the	negative	effects	of	sleep	disruption	
on	 cognitive	 and	 physical	 performances	 are	 attenuated	 by	 nap-
ping	 (Blanchfield	 et	 al.,	 2018;	 Boukhris,	 Abdessalem,	 et	 al.,	 2019;	
Chtourou	 et	 al.,	 2019;	 Hammouda	 et	 al.,	 2018;	 O'Donnell	 et	 al.,	
2018;	Romdhani	et	al.,	2020;	Souabni	et	al.,	2021;	Waterhouse	et	al.,	
2007).	Napping	 can	benefit	 performance,	 even	 if	 the	prior	 night’s	




in daytime nap duration; it appears that these individuals used day-
time	 napping	 as	 a	 strategy	 to	 supplement	 their	 night-	time	 sleep	
during	 Ramadan.	Duration	 of	 daily	 naps	 increased	 from	 12.9	min/



























haviour, lethargy, and mood.
Our	meta-	analysis	showed	that	individuals	who	continue	to	train	
during	Ramadan	did	not	experience	any	increase	in	daytime	sleep-








cessive daytime sleepiness were not reported. It is possible that daily 
naps and/or other adaptive responses to daytime sleepiness may 
have	contributed	to	the	lack	of	significant	changes	in	the	ESS	score	
during Ramadan. Indeed, napping can be regarded as a counter-
measure	to	decrease	the	levels	of	the	homeostatic	process,	i.e.	the	
pressure	 to	 sleep	depending	on	 the	duration	of	wakefulness,	 that	
could be increased by the reduced sleep duration here observed, 
thus	 potentially	 improving	 alertness	 and	 performance	 (Garbarino	
et	al.,	2004).
4.5  |  Strengths and weaknesses
The	strengths	of	 the	present	systematic	 review	and	meta-	analysis	








Specifically,	 the	 interpretation	 of	 the	 results	 of	 the	meta-	analysis	
involving	sleep	duration	 is	challenged	by	the	significant	amount	of	
heterogeneity	and	the	evidence	of	publication	bias	 in	the	selected	
papers. Indeed, all results must be interpreted with caution, due to 






et	 al.,	 2014;	 Boukhris,	 Hsouna,	 et	 al.,	 2019;	 Chamari	 et	 al.,	 2016;	
Chennaoui	 et	 al.,	 2009;	 Herrera,	 2012;	 Karli	 et	 al.,	 2007;	Meckel	
et	al.,	2008;	Tian	et	al.,	2011),	which	makes	determination	of	causal	
effect	of	 the	 timing	of	 training	during	Ramadan	on	sleep	duration	
impossible.	This	 issue	should	be	avoided	 in	future	Ramadan-	based	
studies.
A	 significant	 amount	 of	 heterogeneity	 was	 also	 reported	 in	
the	 results	 of	 the	meta-	analysis	 involving	 sleep	 quality.	 However,	
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given	 the	 small	 number	of	 studies,	 it	was	not	possible	 to	perform	
a	 subgroup	 analysis	 and/or	 meta-	regression	 to	 detect	 sources	 of	
heterogeneity.
Another	weakness	 of	 this	 study	 is	 that	 there	were	 only	 two	
studies evaluating daily nap duration and only three studies eval-
uating daytime sleepiness; accordingly, more research on these 
topics	is	needed.	The	lack	of	a	control	group	is	another	weakness	
associated with Ramadan studies. It is, indeed, very much chal-
lenging	 to	 find	a	non-	fasted	group	 in	Muslim	majority	countries,	
while	 finding	 a	 fasting	 group	 in	 non-	Muslim	 majority	 countries	
comes	with	equivalent	challenges.	Finally,	 it	 is	a	weakness	in	the	
literature that studies have been limited to only male participants. 
Future studies should include women, although we note a major 
difficulty	 in	 assessing	 the	 effects	 of	 Ramadan	 fasting	 in	women	








reported that day nap durations increased during Ramadan in male 
athletes.	 The	 implementation	 of	 sleep	 hygiene	 practices	 during	
Ramadan	may	improve	the	overall	quantity	and	quality	of	sleep	for	
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